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AN INVESTIGATION OF THE PROPERTIES OF
CHILLED IRON CAR WHEELS
PART II. WHEEL FIT, STATIC LOAD, AND FLANGE
PRESSURE STRAINS -ULTIMATE STRENGTH
OF FLANGE
I. INTRODUCTION
1. Preliminary Statement.--This bulletin presents two addi-
tional phases of the investigation of the properties of chilled iron car
wheels conducted at the University of Illinois. This investigation had
for its object the determination of the strains which may occur within
a car wheel and the limitations of present designs, with the view of
improving the chilled iron car wheel and making it more satisfactory
under present and future service requirements. The work was done
under a co6perative agreement between the Association of Manu-
facturers of Chilled Car Wheels and the Engineering Experiment
Station of the University of Illinois.
2. Scope of Tests.-A previous bulletin* dealt with the strains
in chilled iron car wheels caused by forcing the wheel upon its .axle
and then applying a static load.
The first part of the present bulletin contains a report of an ex-
tension of the tests previously reported in Bulletin No. 129 and
discusses the strains existing in a 33-inch 840-pound Arch Plate Wheelf
when subjected to the combined effect of mounting, static load, and
side thrust pressures; the remainder of the bulletin deals with a
series of tests made to determine the ultimate strength of the car
wheel flange. This latter series of tests is concerned with 33 wheels
having flanges of various shapes and includes specimens representative
of both new and worn wheels. Among them will be found wheels with
* "An Investigation of the Properties of Chilled Iron Car Wheels, Part I: Wheel Fit
and Static Load Strains," by J. M. Snodgrass and F. H. Guldner. Univ. of Ill. Eng. Exp. Sta.
Bul. 129, 1922.
t For description of Arch Plate Wheel see, "An Investigation of the Properties of
Chilled Iron Car Wheels, Part I: Wheel Fit and Static Load Strains," by J. M. Snodgrass
and F. TT. Gnldner. Univ. of Ill. Ene. Exp, Sta. Bul. 129. Appendix A, pp. 75-77, 1922.
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the standard contour recommended by the Master Car Builders' Asso-
ciation, and others with the flange suggested by the Association of
Manufacturers of Chilled Car Wheels to replace the present M. C. B.
standard flange.* In addition there are wheels with flanges ground
to represent various stages of wear and also two wheels which were
worn out in service.
3. Acknowledgments.-The agreement, under which the investi-
gation of the properties of chilled iron car wheels, of which this
bulletin constitutes a partial report, was carried on, essentially
provided that the Association of Manufacturers of Chilled Car Wheels
furnish funds to defray the expenses incident to carrying on the
investigation, while the Engineering Experiment Station of the Uni-
versity of Illinois conduct the research, provide the use of available
laboratories, shops and office facilities, and publish a report of the
results. Bulletin No. 129t presents the form of the agreement under
which the work was carried out.
The Association of Manufacturers of Chilled Car Wheels
appointed GEORGE W. LYNDON and F. K. VIAL, President and Con-
sulting Engineer, respectively, of the Association, as a committee to
assist in promoting the investigation. In addition to the financial help
given by the Association, the investigation owes much to the assistance
rendered by this committee in the way of technical advice, helpful
interest, and effective co6peration throughout the progress of the work.
The Engineering Experiment Station of the University of Illinois
appointed EDWARD C..SCHMIDT, Professor of Railway Engineering,
and ARTHUR N. TALBOT, Professor of Municipal and Sanitary Engi-
neering, as a committee in charge of the investigation. Professor
Schmidt withdrew from the University to enter the United States
Military Service during the late war, and was replaced on this com-
mittee by JOHN M. SNODGRASS, Professor of Railway Mechanical
* Some years ago the Association of Manufacturers of Chilled Car Wheels suggested
that the Master Car Builders' Association increase the thickness of the flange by adding 3 /16
inches of metal (about 15 lb.) to the inner side of the flange so as to increase its strength
in order to care for increasing wheel loads. To date the Master Car Builders' Association
has not admitted the desirability of or the necessity for increasing the thickness of the
flange.
t "An Investigation of the Properties of Chilled Iron Car Wheels, Part I: Wheel
Fit and Static Load Strains," by J. M. Snodgrass and F. H. Guldner. Univ. of Ill. Eng.
Exp. Sta. Bul. 129, 1922.
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Engineering. In the direction of the investigation this committee has
had frequent conferences with the committee of the Association of
Manufacturers of Chilled Car Wheels.
The greater part of the experimental work was carried on by
F. H. GULDNER, who became connected with the work a few months
after its inception. R. E. TURLEY and 0. S. BEYER, JR., both of whom
were connected with the experimental work during the earlier part
of the investigation, did much in tha way of developing methods,
making some early tests, and getting the work under way. The com-
mittees are further indebted to H. F. MOORE, Professor of Engineering
Materials at the University of Illinois, for his assistance and advice
upon various matters relating to the investigation.
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II. GENERAL STATEMENT OF FLANGE PROBLEM
4. Causes and Magnitude of Flange Pressure.-When a train is
traveling on a tangent track the flanges of the wheels, due to lateral
oscillation of the train, strike against the rails alternately on one side
and the other; when the train is traveling on a curved track, the
wheel flanges are forced against either the inner or outer rail depend-
ing on the speed and the amount of superelevation of the outer rail.
In both cases the car wheel flanges in contact with the rail are factors
in transmitting the various forces set up within the car to the rail.
In general, since the flange pressures produced in traversing curves
are the more severe, the pressures arising on tangent track need not be
considered. The flange by functioning in this manner is the primary
cause of the following effects in the wheel itself: First, the pressure
or force between rail and flange sets up internal strains and stresses
within the body of the wheel; in the case of a wheel subjected to severe
operating conditions the internal stresses may result in the failure of
the wheel. Second, the pressure between rail and flange coupled with
the rotation and sliding of the wheel on the rail results in a grinding
or wearing action and in the consequent reduction in area and strength
of the flange. Third, the rail pressure, when of sufficient magnitude,
and if acting on a flange materially worn, may cause the failure of the
flange.
The problem of calculating the force between rail and flange
under various conditions is an intricate one and cannot be readily
solved as a problem in mechanics on account of the many variables
involved. An approximate method of estimating the flange pressure,
however, has been suggested by A. M. Wellington* and F. K. Vial,t
who state, briefly, that maximum flange pressure may equal one and
one-half times the static load on the wheel. The use of this method
probably gives higher values of flange pressure than would be attained
in service and thus errs on the side of safety. Experimental methods
* Wellington, A. M. "The Economic Theory of Railway Location." 6th Edition, page
281, 1911,
t "A General Survey of the Mechanics of the Chilled Iron Wheel." Geo. W. Lyndon
and F. K. Vial, Proc. Pittsburgh Railway Club, page 25, May 25, 1917.
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have also been tried to determine flange pressures. An examination
of the experimental methods used indicates that although flange
pressures were measured, no evidence exists that they were the
maximum pressures that would be encountered under the test condi-
tions. Until more definite methods are devised it seems that the
Wellington-Vial method of estimating flange pressure is the most
satisfactory at present available.
As no satisfactory analysis has as yet been made of the strength of
the wheel flange or the ability of the plates of the wheel to withstand
internal stress due to flange pressure, recourse must be had to ex-
perimental methods to obtain information with respect to these
particulars.
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III. APPARATUS AND METHODS USED IN MAKING TESTS OF COMBINED
EFFECT OF MOUNTING, STATIC LOAD, AND FLANGE PRESSURE
5. Apparatus Used in Determining Strains.-The equipment
used to apply the loads for experimentally determining the combined
effect of wheel fit, static load and flange pressure is shown in Fig. 1.
It consisted of a 200-ton hydraulic jack supported on rolls which in
turn were supported on the bed of a 600 000-lb. testing machine.
Specially made castings fastened to each end of the jack had hardened
tool steel blocks inserted near their ends, the upper sides of these
blocks having contours similar to the head of a rail. A pair of wheels
previously mounted on an axle rested on these steel blocks. By means
FIG. 1. METHOD OF APPLYING STATIC LOAD AND FLANGE PRESSURE
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of a block with a spherical seat, a beam, and two cast iron blocks resting
on the axle, as shown in the figure, the static load was transmitted to
the axle, thence through the wheels and on down to the bed of the
testing machine. After a static load of the desired magnitude had
been applied, a flange pressure of the desired amount was obtained by
means of the hydraulic jack. The strains due to the various combina-
tions of load were determined by means of a Berry strain-gage.
6. Preparation and Method of Testing.-One 33-in. 840-lb.
Arch Plate wheel was tested for the combined effect of wheel fit,
static load, and flange pressure. The wheel was prepared with 2-in.
gage-lines as shown in Fig. 2. The gage-lines were numbered from
hub to tread; the numerals were suffixed with either R or T, signifying
that the gage-line was in a radial or tangential direction respectively.
The initial or before-load readings were taken with the strain-gage.
The wheel was then pressed on the axle and a second set of strain-gage
readings obtained. As previously explained* the difference between
the initial readings and those taken after mounting are the strains
produced by mounting the wheel on its axle. After the strains caused
by the wheel fit had been thus determined, a second wheel was pressed
on the axle to serve as a dummy in the application of additional loads.
The two wheels, the hydraulic jack, and the remainder of the apparatus
were then assembled in the testing machine as shown in Fig. 1.
A net static load of 13 050 lb. was applied to the 840-lb. Arch Plate
wheel and a third series of strain readings taken. The differences
between these readings and the initial readings represent the strains
due to the combined effect of wheel fit and a 13 050-lb. static load. In a
similar way the effect of wheel fit and a 25 450-lb. static load was
determined. A side thrust of 8000 lb. was then added by means of
the hydraulic jack and a fresh set of strain-gage readings obtained.
The latter measurements represent the combined effect of mounting,
25 450-lb. static load, and 8000-lb. flange pressure. Keeping the static
load equal to 25 450 lb., additional readings were taken with side
thrusts of 16 000 lb. and 32 000 lb. respectively. It seems reason-
able to suppose that the latter conditions of load do not differ materi..
ally from the normal maximum loading that might occur in service, and
* "An Investigation of the Properties of Chilled Iron Car Wheels, Part I: Wheel Fit
and Static Load Strains," by J. M. Snodgrass and F. H. Guldner. Univ. of Ill. Eng. Exp.
Sta. Bul. No. 129, p. 83, 1922.
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the strains in the wheel would therefore approximate those that would
be present under the combination of normal wheel fit, maximum static
load, and maximum flange pressure.
7. Evaluation of Stresses Existing in a Loaded Car Wheel.*-It
is evident that the problem of the car wheel under load is one of com-
pound stress; that is, internal stress or force in more than one direc-
tion. In the tests herein discussed the fundamental data are measured
deformations or strains due to the effect of more than one stress acting
within the material; but throughout this report the results are pre-
sented and discussed as computed stresses, the term stress denoting
the internal force that would exist in the material if subjected to
FIG. 3. ASSUMED MEAN STRESS-STRAIN RELATION OF CHILLED CAR WHEEL IRON
* See also "An Investigation of the Properties of Chilled Iron Car Wheels, Part I:
Wheel Fit and Static Load Strains," by J. M. Snodgrass and P. H. Guldner. Univ. of Ill.
Eng. Exp. Sta. Bul..No. 129, pp. 15-29, 1922.
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either simple tension or simple compression, and, under these condi-
tions, deformed to an extent equal to the measured strain. In order
to call attention to this, the computed stresses are often expressed as
"corresponding simple stresses," or in other words this term and
stress have identical meanings herein.
The corresponding simple stress is not the real stress or force that
would be used in the calculation of the equilibrium of the forces. Its
use, however, will give the reader a readier method of comparison than
would the use of the measured strains. The computed stresses as
presented and discussed were determined from the measured strains
and average stress-strain curves plotted from tests in simple tension
and compression of a number of specimens taken from a chilled iron
wheel. As no two specimens even when cut from the same wheel give
identical stress-strain relations, and as it would obviously be impracti-
cable to cut a test specimen from each position in the wheel at which
strains were measured, it was necessary to obtain aveiage curves which
could be considered as fairly representative of chilled car wheel irons
in tension and compression, respectively. For this purpose, 13 speci-
mens were tested in simple tension, and 12 in simple compression.
The data thus obtained were averaged, and from the means the ten-
sion and compression curves shown in Fig. 3 were drawn. These
curves are assumed to be representative tensile and compressive stress-
strain curves for chilled wheel iron and are the curves upon which
the stresses hereinafter given are based.
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IV. RESULTS OF TESTS
8. Strains and Corresponding Simple Stresses Due to Mounting
Wheel on Axle.-The pressure required to mount the wheel on the axle
together with the fit allowance is given in Fig. 4.
For wheel seat diameters of 6.5 and 7.0 inches the Master Car
Builders' Association recommends final mounting pressures ranging
from 40 to 60 and 45 to 65 tons, respectively. For a 6.75 inch bore,
by interpolation, the recommended pressure range would be from 42.5
to 62.5 tons. To keep within these limits the manufacturers ordinarily
make the diameter of the axle at the wheel seat 0.0105 to 0.0165 inches
larger than the bore of the wheel. In this particular wheel the wheel
seat diameter was roughly equal to 6.75 inches, and the allowance was
0.019 or 0.0025 inches greater than the manufacturers' maximum,
while the final mounting pressure was 43.4 tons, or about 25 tons less
than might be expected from this fit allowance. A possible explana-
tion of this difference is that the mounting pressure may be a function
of the speed of mounting.
The measured strains due to mounting the wheel on the axle
together with those caused by mounting in combination with static
load and flange pressure are given in Table 1, while the computed
stresses corresponding thereto are plotted in Fig. 5.
Distalce of1Ebe7/,em./ /T /A"ckes
FIG. 4. AUTOGRAPHIC DIAGRAM OF PRESSURE REQUIRED TO MOUNT 33-IN. 840-LB.
ARCH PLATE WHEEL No. 942 805
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On the outer face of the wheel the maximum corresponding simple
tensile stress due to mounting was 10 000 lb. per sq. in. and was in a
tangential direction at the bore. As the distance from the bore in-
creased, the stresses in the tangential direction decreased up to the
point where the inner and outer plates join, beyond which a slight
increase occurred. In the radial direction on the outer face the
maximum compressive strain due to mounting corresponded to a
simple stress of 11 600 lb. per sq. in., and occurred at gage-line 4R.
The variation in the magnitude of the stresses in the radial direction
clearly indicated the presence of bending in addition to the direct
thrust due to mounting.
The maximum tensile strain on the inner face due to mounting
was likewise in a tangential direction at the bore, and corresponded
to a simple stress of 18 400 lb. per sq. in. The magnitude of the
tensile stresses in the tangential direction decreased as the distance
from the bore increased. The stresses in the radial direction on the
inner face varied from 9600 lb. per sq. in. compression at the gage-
line nearest the bore to zero between gage-lines 3R and 4R. The stress
then became tensile at 4R, reaching a maximum of 7000 lb. per sq. in.
at 5R, beyond which the tension decreased and the stress again became
compressive at 7R. This variation in stress in the radial lines also
indicated the presence of bending in addition to the direct thrust due
to mounting.
9. Strains and Corresponding Simple Stresses Due to Combined
Effect of Mounting and Static Load.-Reference to Table 1 and Fig.
5 shows that upon the application of a 13 050-lb. static load the tensile
strains on the outer face at the tangential gage-lines IT to 4T inclusive
were not materially different from those caused by forcing the wheel
on the axle. The effect of the load was indicated, however, by an in-
creased tension-at tangential gage-lines 5T to 9T inclusive. In the
radial direction-ithe compressive strains, although different from those
caused by mounting, were relatively small. On the inner face the
tensile strains at the tangential gage-lines IT and 4T inclusive were
somewhat smaller than those due to mounting alone. In the radial
direction the compressive strains on the inner face were also of small
value.
With the exception of those at gage-lines 5T and 6T, the strains
in the tangential direction on the outer face, due to the combined
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effect of mounting and a 25 450-lb. static load, were not materially
different from those caused by mounting alone. At 5T and 6T the
static load increased the corresponding simple stresses 5200 and 4600
lb. per sq. in., respectively. At the remaining tangential gage-lines
the change due to the application of the static load was never in excess
of 1300 lb. per sq. in. In the radial direction the greatest change
occurred at gage-line 7R, where the compression was increased 3800 lb.
per sq. in. On the inner face no material change occurred at the
tangential gage-lines due to the application of the 25 450-lb. static
load. The stresses at the radial gage-lines, however, differed con-
siderably from those due to mounting alone. The most significant
change was at radial gage-line 5R, at which the tension of 7000 lb. per
sq. in. due to mounting was increased to 11 700 lb. per sq. in. by the
application of the 25 450-lb. load. This increase, however, is not of
serious import for two reasons: first, the static load is practically the
maximum that the wheel should carry and second, the imposition of
flange pressure decreased the tension until at 32 000-lb. flange pressure
a compressive stress of 6300 Ib. per sq. in. existed at that gage-line.
10. Strains and Corresponding Simnple Stresses Due to Combined
Effect of Mounting, Static Load, and Flange Pressure.-The combined
effect of mounting, 25 450-lb. static load, and 32 000-lb. flange pressure
as shown by Table I and Fig. 5 produced tension at all gage-lines,
both radial and tangential, on the outer face of the wheel, except 2R,
3R and 9T. The significant fact is that the combination of stress-
producing factors produced tension in the radial direction from 4R to
9R. Some later tests showed that prolonged brake application in the
case of the Arch Plate type of wheel, also produced tension in the
radial direction, and further, that the maximum tensile stress caused
by brake application may be expected to occur in the region 4R to 6R,
or near the junction of the inner and outer plates. In themselves the
stresses here noted are not dangerous. If, however, to these stresses
there is added the effect of a severe and prolonged brake-shoe applica-
tion, the stresses might become of such magnitude as to cause incipient
cracks probably leading to wheel failure. On the inner face of the
wheel the combined effect of mounting, static load, and flange pressure
gave rise to stresses in a tangential direction practically equal to those
due to mounting alone. There was a difference, however, in the
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distribution of the stresses in the radial direction. In mounting, the
stresses at 4R, 5R and 6R were tensile, but these were changed to
compressive stresses by the addition of static load and flange pressure.
The compressive stresses found at the radial gage-lines on the inner
face were relatively unimportant. The application of either the 8 000-
lb. or the 16 000-lb. flange pressure, in combination with the 25 450-
lb. static load, produced an effect intermediate between that due to
the static load- alone and that due to the combination of the static load
with the 32 000-lb. flange pressure.
11. Remarks on Tests.-The compressive stresses found for the
various load conditions were relatively unimportant. The maximum
corresponding simple tensile stress (18 400 lb. per sq. in.) was due
to mounting and was found at the gage-lines nearest the hub on the
inner face. The application of static load and flange pressure did not
materially affect this stress. Stresses of such high magnitude occurring
in the hub regions are generally less dangerous than stresses of lesser
value at other positions in the wheel. This is due to the fact that the
stress in the hub region is a steady one, that is, the material ist not
subjected to repeated stress. The combined effect of mounting and
the application of a maximum static load and a flange pressure prob-
ably in excess of that encountered in normal wheel service was found
to produce tension (with a few minor exceptions) in both radial and
tangential directions on the outer face of the 840-lb. Arch Plate wheel.
On the inner face over the region investigated, this combination of
loading was found to produce tension at the tangential and compres-
sion at the radial gage-lines. The tensile stresses on the outer face
near the junction of the inner and outer plates resulting from the
application of maximum static load and flange pressure are subject
to repetition and at some points to complete reversal. The number
of such reversals of stress that would occur in the normal life of a
wheel, due to the occurrence of a sufficiently high flange pressure
caused by traversing curves of small enough radius at high enough
speed, is relatively small compared with the millions of reversals
found necessary to cause failure under similar conditions in investiga-
tions of repeated stress. Hence, the question of severity of stress due
to the combined effect of mounting, static load, and flange pressure
may be considered from the static viewpoint alone. It does not appear
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that the stresses due to this combination of loading are severe in them-
selves, but if these stresses are increased by abuse of the wheel, through
prolonged brake application, they might become large enough to cause
incipient cracks leading to wheel failure.
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V. DETERKMINATION OF ULTIMATE STRENGTH OF FLANGE OF
CHILLED IRON CAR WHEEL
12. Apparatus Used in Making Tests of Ultimate Strength of
Flanges.-A special piece of testing apparatus, consisting essentially
of a steel beam built up of channels and plates, used in determining
the ultimate strength of the flanges of chilled iron car wheels, is shown
in Fig. 6. This beam was placed on the weighing table of a 600 000-
11). testing machine, and the wheel to be tested was supported thereon,
as shown in Fig. 6, at opposite points on a diameter, at one side by
a piece of tool steel pressing against the flange, and al the other by a
semi-circular piece of steel supporting the tread. The location of the
point of application of the load on the flange could be varied by means
of a block and wedge applied to the tread at a point diametrically
opposite. This block and wedge further acted to take the horizontal
pressure component due to the angularity of the flange at the point of
load application. The load was applied to the wheel, as shown, through
a block with a spherical seat. From three to six tests to fracture were
made on each wheel.
Load
S> OO00
00
00
Ta/ of n Machne00
kTable of Testing Machine
d
BlocA and
Steel/ g .'o Wedge,
[ Support-- r- -
0 000
0 00000
0 000
0 000
0 000
000
0 000
Pie. 6. APPARATUS TTSeF) TO DE'TFRMINfT ULTIMATE, STRENGTH OF FLANGES
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13. Shapes of Flanges Tested and Test Conditions.-In the case
of a number of the wheels tested the flanges were ground to represent
. various stages of wear, so that the ultimate strengths determined in
these cases furnish data as to the safety of wheels similarly worn in
service. The location of the point at which the pressure was applied
to the flange was also varied, and thus data were secured applicable
to the case of wheels operating on improperly maintained track, on
which the flanges may strike frogs, switches, etc. The various contours
of the flanges tested, and for each case the point of application of the
load, the component of the ultimate strength of the flange in a direc-
tion parallel to the bore, and the direction of fracture are shown in
Figs. 7 to 40 inclusive. The dotted lines appearing on some of the
figures indicate the shape of the section between two adjacent brackets
and, further, that the break occurred in the region of a bracket, the
actual contour at the point of fracture being shown by the full lines.
The tests represented by Figs. 7 to 40 inclusive were made with a
view of determining to what extent the ultimate strength of the flange
was affected by variations in the flange thickness and the position at
which the flange pressure was applied. Irregularities occurred, how-
ever, in the results of these tests which preclude correct deduction
concerning the effect of flange thickness. The irregularities in the
results were caused by differences in the various wheels with respect
to depth of chill, chemical composition, physical properties of the
metal, etc. In order to obtain information of value regarding the
effect of additional metal in the flange region, an attempt was made
to eliminate these differences by using wheels cast from special
patterns, in which one-half of the circumference had the standard
M. C. B. flange and the other half had additional metal on the inner
face. Three types of wheels, represented by Figs. 30 to 40 inclusive,
were thus cast and from these the effects in both new and worn wheels
of, first, increasing the thickness of the flange, second, increasing the
thickness of the tread, and, third, increasing the thickness of both
flange and tread simultaneously, were determined. To make the com-
parisons still more direct the loads were in every case applied to the
flanges of these specially prepared wheels on a radius midway between
the points where two adjacent brackets entered the tread, thus eliminat-
ing as far as possible the complex effect of the support of the brackets.
In addition, the flange pressures were in each ease applied at identical
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distances below the tread, thereby removing the effect of difference in
the moment of the load. Because of these precautions it is felt that
the results obtained from these wheels cast from specially prepared
patterns are truly representative.
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VI. RESULTS OF TESTS
14. General Remarks on Tests.-A wide diversity of opinion
prevails as to the magnitude of flange pressures and their importance.
As previously explained, attempts to calculate accurately the flange
pressures occurring in service are unsatisfactory on account of the
many variables which enter into the problem. Therefore, no attempt
has been made to estimate factors of safety for the various sections
broken. Furthermore, the comparisons made herein are confined to
flange fractures or breaks made on the same wheel in order to exclude
as far as possible the effect of outside factors, such as depth of chill,
character of metal, etc. As a consequence the comparisons given may
be deemed to be fairly representative of the factors considered. The
results of these tests are given in Figs. 7 to 40 inclusive, which are
followed by Figs. 41 to 46 inclusive, reproduced from photographs
of the several wheels taken after the breaking of the flanges. The
photographic views are presented mainly to show the location, with
respect to the brackets, at which the loads were applied. They also
show something of the nature and shape of the fracture and by. a
study of them the approximate size of the piece broken out can also
be estimated, since the maximum diameter of the flange is 35 inches.
Since the flange was broken at several places on each wheel, each
fracture was given an identifying number. In Figs. 7 to 40 this
number will be found in the upper left hand corner of each of the
small section figures, while the corresponding numeral appears on the
photographic view in the vicinity of the fracture.
15. Effect of Varying Position at which Pressure Is Applied to
Flange.-In the tests illustrated by Figs. 7 to 27 inclusive, and photo-
graphic Figs. 41 to 44 inclusive, it was found that, in general, if
the side thrusts were applied to the flange on a radius midway between
the points at which two adjacent brackets enter the tread, the flange
pressure necessary to produce failure in the case of a wheel with worn
flanges was an inverse function of the distance of the point of pressure
application from the tread; that is, the greater the distance the smaller
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the ultimate strength of the flange. This is shown in Table 2 compiled
from results taken from Fig. 17.
TABLE 2
RELATION BETWEEN
Fracture
No.
POINT OF APPLICATION OF LOAD AND STRENGTH OF FLANGE
Wheel No. 04 836
Thickness
of Flange
in.
Distance of
Point of
Application
Below Tread
in.
Pressure
Required to
Cause
Fracture
lb.
30 400
36 300
48 600
TABLE 3
RELATION BETWEEN POINT OF APPLICATION OF
Wheel
No.
Fracture
No.
Thickness
of Flange
in.
04 476
942 682
107 348*
103 219
LOAD AND STRENGTH OF FLANGE
Distance of
Point of
Application
Below Tread
in.
Pressure
Required
to Cause
Fracture
lb.
86300
63 300
95600
79000
109600
90 500
92 000
88 300
* After having fulfilled the guaranteed mileage, this wheel was withdrawn from service,
on account of being tread-worn. The flange had the same general shape as that of a new
wheel.
A result of this kind was to be expected and was obtained in all
the tests on worn wheels in which the thrust was applied at the mid-
position between two adjacent brackets. The condition that the greater
the distance from tread to point of load application, the less the ultim-
ate strength of flange, was not found to hold, however, in the case of
flanges not worn or only slightly worn as is shown in Table 3 compiled
from results taken from Figs. 19, 21, 23, and 25.
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Another instance in which the inverse relation between distance
from tread and ultimate strength was found not to hold was that
where the pressure was applied to the flange on the same radius as
that on which a bracket enters the tread. In this case there were
present in the results certain variations which indicated a complex
supporting effect due to the bracket.
FIG. 27. 960-LB. ARCH PLATE WHEEL No. 659 338 BROKEN THROUGH PLATE BY
FLANGE PRESSURE
Under ordinary service conditions the rail pressure is applied to
the flange at a small distance below the tread and those cases of frac-
ture occurring in the tests in which the load was applied closest to
the tread are most representative of the type of flange failure to be
expected in service. Similarly, the ultimate strengths determined in
tests where the load was close to the tread are more representative of
the flange strength of the wheel in normal service than those found
when the load was applied farther from the tread.
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16. Effect of Thickening Flange.-In Figs. 28 and 29 and photo-
graphic Figs. 44 and 45 are shown the results of tests made on two
wheels having the flange proposed by the Association of Manu-
facturers of Chilled Car Wheels to replace the present type of flange.*
In both wheels the throats were ground to represent worn flanges. The
tests made thereon determined the ultimate strength when the load
was applied at various points on the flange but, as already stated, on
account of probable differences in the physical properties of the wheels,
the results obtained were not considered as conclusively showing the
effect of the additional metal. To show this effect in a more reliable
manner a special pattern was made in which one-half of the circum-
ference had the present standard flange and the other half had the
proposed flange. Six wheels of this type were cast, of which three
were tested after being ground to represent worn flanges and three
MCB Flange as cast flodi/Hed F/ange? s cast
FIG. 36. SECTIONS. OF CAR WHEELS SHOWING PRESSURE REQUIRED TO BREAK
FLANGE; POINT OF LOAD APPLICATION; DIRECTION OF FRACTURE; AND
VARIATION IN ULTIMATE STRENGTH DUE TO THICKENING TREAD.
725-LB. M. C. B. WHEEL No. 158 525. FLANGE AS CAST
SSeep first footnote page 10.
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were tested with the flanges as cast. Figs. 30 to 35 inclusive show
the test conditions and results on wheels prepared in this manner. As
arranged in the figures, any two sections on a horizontal line are
directly comparable with respect to difference in the ultimate strength
existing between the proposed A. M. C. C. W. and the standard M. C. B.
flanges. In the figures with the cross-hatching the outer line of the
drawing is the contour of the proposed A. M. C. C. W. section at the
point where the pressure was applied, while the inner line of the cross-
hatching shows the standard M. C. B. section. The wheel sections with-
out cross-hatching are the standard M. C. B. sections.
Table 4 gives results taken from the tests represented by Figs.
30 to 35 inclusive, and also the ratio of the ultimate strength of
the proposed A. M. C. C. W. flange to the ultimate strength of the
standard M. C. B. flange.
With the exception of the first wheel, No. 158 505, mentioned in
the table, the proposed flange was in each case stronger than the present
standard flange. For wheel No. 158 505 the outer diameters of the
TABLE 4
COMPARATIVE STRENGTH OP STANDARD M. C. B. FLANGE AND PROPOSED
A. M. C. C. W. FLANGE
Ultimate
Distance of Ultimate Strength of Ratio of
Wheel Point of ( Strength ,of Proposed Strength
No. Application Standard A. M. C. C. W. Proposed to
Below Tread MI. C. B. Flange Flange Standard
in. lb. lb.
158 505 0.40 45500 42200 0.93
(Worn Flange) 0.40 50 600 47000 0.93
158 511 i 0.42 47200 52 300 1.10
(Worn Flange) (0.42 48 400 54 800 1.13
132648 0.80 35800 39400 1.10
(Worn Flange) 0.32 38900 76500 1.96
158506 0.22 75800 113000 1.49
(Flange as cast) 0.22 88200 118200 1.34
158510 0.23 88000 115200 1.31
(Flange as cast) 0.23 92800 119800 1.29
132649 0.71 54900 74200 1.35
(Flange as cast) 0.25 74 900 94 600 1.26
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flanges in the contours numbered 1, 2, and 4 show that the chiller
had not been concentric with the mold when this wheel was cast. This
eccentricity resulted in increasing the thickness of the tread on the
half having the standard flange and decreasing the corresponding thick-
ness on the half having the proposed flange, the difference in thickness
being about 1/8 inch. This condition is evident in the figures showing
breaks Nos. 1 and 2 in which the contour lines for the proposed and
the standard flanges are seen to intersect on the under side of the
tread, and also may be seen by a study of the shapes of the tips of
the flanges in the figures showing fractures Nos. 1, 2, and 4. A study
of all the data obtained with reference to the ultimate strength of
flanges would apparently lead to the conclusion that a certain relation
or ratio between the thickness of the tread and that of the flange can
be found which corresponds to a maximum flange strength for a
particular thickness of flange or tread. Assuming the existence of such
a relation, it follows that the addition of metal to the flange or tread
alone, but not to both flange and tread, .may result not only in no
further increase in flange strength but even in a decreased flange
strength. It is probable that the greater thickness of the tread of that
part of wheel No. 158 505, having the standard flange, accounts for
the greater ultimate strength of the flange in this case, in that the
ratio of flange to tread thickness was more nearly the ideal in the case
of the standard flange portion of the wheel than it was in the case of
the proposed flange portion of the wheel.
If on account of the unusual flange and tread proportions due
to the misplaced chiller the data for wheel No. 158 505 be excluded in
considering the differences between the standard and proposed flanges,
the results from the remaining five wheels listed in the table show the
ultimate strength of the proposed flange to be from 10 per cent to
96 per cent greater than that of the standard flange. This table also
shows that in the case of unworn flanges the advantage in favor of the
proposed flange ranges from 26 per cent to 49 per cent. These in-
creases in strength were obtained by the addition of 15 lb. of metal to
the wheel. Since these specially prepared wheels were cast from
725-lb. M. C. B. patterns, the added metal represented 2.1 per cent of
the weight of the wheel. From this it may be concluded that 2.1 per
cent of metal added to this type of wheel, as suggested by the Associa-
tion of Manufacturers of Chilled Car Wheels, would increase the
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ultimate strength of the present standard M. C. B. flange while new,
roughly, from 26 per cent to 49 per cent. As the wheel approaches the
condemning limits through flange wear, the advantage of the proposed
increase in thickness is apparently somewhat less than for new flanges.
The results for the two worn wheels considered indicate a gain in
strength of from 10 per cent to 13 per cent in 3 cases and of 96 per
cent in one case resulting from the thicker flanges. It is likely that
similar results would be noted if tests were made on M. C. B. type
wheels of different weights or on Arch Plate type wheels. Variations
in thickness of the tread and in the support given to the tread might,
however, in the case of differently proportioned wheels, produce results
more or less at variance with those here presented. Additional ex-
periments with other types of wheels would be desirable.
17. Effect of Thickening Tread.-To show the effect of thicken-
ing the tread without thickening the flange, one wheel, No. 158 525,
shown in Figs. 36 and 46, was cast in which half the circumference
had the standard M. C. B. thickness of tread and the other half a thick-
ness of tread about 3/16 inch greater. In Fig. 36 the cross-hatching
indicates the approximate amount and location of the additional metal.
The data obtained from this wheel are given in Table 5.
Only one wheel was tested with metal added in this manner and
the results cannot, therefore, be considered as conclusive. If further
TABLE 5
COMPARATIVE STRENGTH OF STANDARD M. C. B. FLANGE AND FLANGE OF WHEEL
WITH THICKENED TREAD
Ultimate
Distance of Ultimate Strength of Ratio of
Wheel Point of Strength of Flange of Wheel Strength
No. Application Standard With Tread Thickened to
Below Tread M. C. B. Flange Thickened Standard
in. lb. lb.
158 525 0.23 104 700 84500 0.81
(Flange as cast) 0.23 108200 97300 0.90
Average ...................... 106450 90900 0.85
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investigation should verify these results it would indicate that thick-
ening the tread alone may not strengthen the flange, but on the con-
trary may decrease the lateral pressure required to cause failure. The
explanation of this could probably be found in departure from the
"ideal ratio" of flange to tread thickness.
18. Effect of Thickening Flange and Tread Simultaneously.-To
investigate the effect of increasing the thickness of both flange and
tread, two patterns were prepared in which half the circumference had
the standard M. C. B. flange and tread and the other half the flange
and tread thickened. In one case, represented by wheels Nos. 158 519
and 158 518 (Figs. 37, 38, and 46), the thickness of metal added to
the flange was 3/16 inch at the extreme back of the flange, tapering
down to nothing at the top of the flange; to the tread there was also
added 3/16 inch of metal. In the other case, represented by wheels
Nos. 158 521 and 158 520 (Figs. 39, 40, and 46), 3/16 inch of metal
was added to the flange and 3/8 inch to the tread. Due to misplaced
chillers during molding the actual additions of metal were slightly
different from those stated. Two wheels were cast from each pattern,
one of which was tested with the flange as cast and the other had the
throat ground to represent a worn wheel before testing. Table 6 gives
TABLE 6
COMPARATIVE STRENGTH OF STANDARD M. C. B. FLANGE AND FLANGE OF WHEEL
WITH THICKENED FLANGE AND TREAD
Ultimate
Distance of Ultimate Strength of Ratio of
Wheel Point of Strength of Flange of Wheel Strength
No. Application Standard With Thickened Thickened to
Below Tread M. C. B. Flange Flange and Tread Standard
in. lb. lb.
158519 0.41 29 200 31300 1.07
(Worn Flange) 0.41 32 900 30 000 0.91
158518 0.22 89 400 84 500 0.95
(Flange as cast) 0.22 87 100 91 400 1.05
158521 0.42 32 200 54 800 1.70
(Worn Flange) 0.42 34 000 47 600 1.40
158520 0.22 82300 137 700 1.67
(Flange as cast) 0.23 87 100 138 600 1.59
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the results of the tests (see also Figs. 37 to 40 inclusive), and in
addition the ratio of the ultimate strength of the thickened flange and
tread to the ultimate strength of the standard M. C. B. flange and
tread.
In the wheels Nos. 158 519 and 158 518 in which 3/16 inch was
added to both flange and tread, there was neither increase nor decrease
in the ultimate strength due to the additional metal, as is shown by the
fact that the ratio of strength of thickened to strength of standard
flange was practically 1 both for the wheel having the worn flanges
and for the wheel with the flange as cast. This seems to further verify
the results obtained by thickening the flange and tread separately. It
will be recalled that adding 3/16 inch to the flange alone increased
the ultimate strength from 10 per cent to 96 per cent while adding 3/16
inch to the tread alone decreased the ultimate strength about 15 per
cent. The figures here presented show that when 3/16 inch is added
to tread and flange simultaneously no change occurs in the strength;
and the conclusion might therefore be drawn that the increase in
strength that would be expected due to the thickening of the flange
was counteracted by a decrease of strength of approximately equal
amount due to the addition of metal to the tread.
The results of the tests made on the other pair of wheels, Nos.
158 521 and 158 520, in which 3/16 inch was added to the flange and 3/8
inch to the tread, show that an appreciable increase in the ultimate
strength of the flange was caused by the addition of metal in this
manner. The ratios given in the table show a minimum increase in
flange strength in this case of 40 per cent while the maximum was 70
per cent. These increases in strength were obtained by the addition
of-metal equivalent to approximately 37 lb., or 5.1 per cent when
applied to a 725-lb. wheel.
These results indicate that the maximum' flange strength of the
chilled iron wheel has not yet been reached, but on the contrary that
the strength of the flange can be materially increased by the proper
placing of additional metal in flange and tread. They further show that
the ratio of the strength of thickened to strength of standard flange is
practically the same for new and worn flanges in each pair of wheels
tested, indicating that when metal is added simultaneously to both
flange and tread, as was done in these wheels, the advantage of the
additional metal does not disappear as the wheel approaches the con-
demning limit through flange wear.
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VII. SUMMARY OF CONCLUSIONS
19. Combined Effect of Mounting, Static Load, and Flange
Pressure.-The results of the tests made on the 33-in. 840-lb. Arch
Plate wheel to determine the combined effect of mounting, static
load, and flange pressure lead to the following conclusions:
(1) In mounting the wheel on the axle the largest tensile
strains in the wheel occur on the inner face in a tangential direc-
tion at the bore and their magnitude decreases as the radial
distance from the bore increases. The radial strains on the inner
face reach a maximum in compression at the bore; as the radial
distance from the bore increases the compression decreases to
zero, the strains becoming tensile at about the mean radius of
the core; the tension reaches a maximum value just before the
intersection of the inner and outer plates; beyond this point the
tension decreases to zero and the strain again becomes com-
pressive. This distribution of the strains plainly suggests bend-
ing due to the curvature of the section in the region of the core.
(2) On the outer face of the wheel the strains in a tangential
direction due to mounting are a maximum in tension at the bore;
as the radial distance from the bore increases, the tension de-
creases up to a point near the intersection of the inner and
outer plates, beyond which a slight increase in tension occurs.
In the radial direction, over the region investigated, the com-
pression found near the bore becomes larger as the radial distance
from the bore increases, and reaches its maximum value slightly
beyond the mean radius of the core; after passing this point it
rapidly decreases to practically zero. This strain distribution in
the radial direction plainly indicates a bending action combined
with the direct thrust due to mounting.
(3) The largest tensile strains in the wheel caused by
mounting are found in the hub metal near the axle. Although
apparently of large magnitude when expressed in terms of "cor-
responding simple stresses," these are steady strains, that is,
the metal is not subject to fluctuating or repeated internal stresses
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that would produce alternate strains and removal or reversal of
strain in the material. The character of the strains, together with
the backing provided the metal most highly strained, probably
permits the occurrence without injury to the material of greater
strains than would normally be possible in metal subjected to
simple tension or compression.
(4) The application of the normal static load of service
to the wheel does not materially alter the strains already present
on the outer face of the wheel through mounting. On the inner
face the bending of the curved plate in the core region becomes
more pronounced, as indicated by tensile strains in a radial direc-
tion. These tensile strains are smaller than those due to mounting
found in the tangential direction near the axle. If this type of
wheel were called upon to carry excessively heavy static loads,
the tensile strains might become significant, but for normal service
those occurring are not in themselves serious, and they are modified
and reduced by the application of flange pressure.
(5) The combined effect of mounting, static load, and
flange pressure, approximating the maximum occurring in service,
in general results in tensile strains in both radial and tangential
directions on the outer face. The maximum tension occurs near
the junction of the inner and outer plates, and is in a radial direc-
tion. The tensile strains produced throughout the outer face by
flange pressure, although subject to some repetition, may safely
be considered as steady strains, because the number of repetitions
of strain that would occur in the normal life of a wheel - due to
the occurrence of sufficiently high flange pressure caused by
traversing curves of small enough radius at high enough speed -
would be relatively insignificant compared with the millions of
repetitions found necessary to cause failure under similar condi-
tions in investigations of repeated stress. In themselves, the
strains caused by the combination of mounting, maximum static
load, and maximum flange pressure are not of serious magnitude;
but if to these be added strains caused by severe and excessively-
prolonged brake application, the combined strain might then
become large enough to cause incipient cracks leading to failure.
On the inner face of the wheel over the region investigated, the
strains in the tangential direction due to the combined effect of
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mounting, maximum static load, and flange pressure differ but
little from those due to mounting alone. In the radial direction
the strains are all compressive. The strains on the inner face in
both radial and tangential directions are of relatively little
importance.
20. Ultimate Strength of Wheel Flanges.-The conclusions
to be drawn from the tests made to determine the ultimate strength of
the wheel flange may, within the limits of these tests, be summarized
as follows:
(1) When the flange pressure is applied to wheels with
badly worn flanges on a radius midway between the points where
two adjacent brackets enter the tread, the ultimate strength of
the flange is an inverse function of the distance of the point of
pressure application from the tread, that is, the greater the
distance the smaller the ultimate strength.
(2) This inverse relation does not hold in the case of new
or slightly worn flanges, neither does it hold in the case of
either new or worn flanges if the point of pressure application
is on the same radius as that on which a bracket enters the tread.
In this case it was found in some of the tests that the bracket
apparently strengthened the flange, while in others a weakening
of the flange was observed, these conditions indicating a complex
supporting effect due to the bracket.
(3) The addition of 3/16 inches of metal to the back of the
present standard flange, as proposed by the Association of Manu-
facturers of Chilled Car Wheels, increases the ability of the
flange to withstand side thrusts. This increased strength was
plainly shown in the tests of five out of six of the specially
prepared wheels, in which one-half of the circumference had the
present standard M. C. B. flange and the other half the proposed
additional flange thickness. In the case of the one wheel appa-
rently showing decreased flange strength as a result of the
additional metal, the flange and tread proportions were irregular
due to a misplaced chiller during molding, and this fact makes
it inadvisable to use the results from this wheel. The other five
wheels showed an increased flange strength due to the additional
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metal of from 10 to 90 per cent in the case of badly worn flanges,
and from 26 to 49 per cent in the case of slightly worn or new
flanges.
(4) In the case of the wheel having one-half of the circum-
ference cast with the standard M. C. B. tread and the other half
with the 3/16 inches of additional metal on the inner and under
side of the tread, the results were negative, inasmuch as the half
with the additional metal showed decreased ability to withstand
side thrust. Although tests on one wheel cannot be taken as
conclusive, if further tests confirm these results, the indication
would be that it is possible to add metal in such a way that not
only no increased flange strength results but a decreased flange
strength may actually be caused. If this be taken as proved, then
there probably exists a relation or ratio between flange and tread
thickness which will result in a maximum flange strength for a
particular thickness of either flange or tread. In that case, if a
wheel be cast with the ideal ratio of tread to flange thickness
for, say, a given thickness of flange, the addition of metal to or
the subtraction of metal from the tread will not only not increase
the flange strength but may even decrease it.
(5) The simultaneous addition of 3/16 inches of metal to
both flange and tread was not found to alter the ability of the
flange to withstand side thrust. As the addition of 3/16 inches
to the flange alone gave added strength, this result would tend
to confirm the conclusion reached in (4). The simultaneous addi-
tion of 3/16 inches of metal to the flange and 3/8 inches to the
tread was found to result in an appreciable increase in the ultimate
strength of the flange. The weight of metal added was about
37 pounds or 5.1 per cent of a 725-lb. wheel, whereas the increase
in flange strength resulting therefrom ranged from 40 to 70 per
cent. An important feature of this case is that the advantage
of the additional metal apparently does not disappear as the
wheel approaches the condemning limit on account of flange wear.
(6) The general conclusion to be drawn from the results
of these tests is that the flange strength of the chilled iron wheel
can be increased to keep pace with probable future service re-
quirements by a proper placing of additional metal in the tread
and flange.
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APPENDIX A
VIEWS OF CHILLED IRON WHEELS AFTER APPLICATION
OF FLANGE PRESSURE
Figs. 41 to 46 inclusive are reproduced from photographs of
the inner faces of the several wheels after they had been tested for
ultimate flange strength. These views are presented mainly to show the
location at which the loads were applied with respect to the brackets;
since the maximum diameter of the wheel is 35 inches, they also show
the approximate size of the pieces broken out. The numerals painted
on the wheels in the neighborhood of the fractures are identification
numbers, and serve to connect the illustrations with the data and
figures given in the body of the text.
FIG. 41. INNER PACES OF WHEELS Nos. 737 401 AND 737 425 AFTER
FRACTURE OF FLANGE
FIG. 42. INNER FACES OF WHEELS Nos. 632 680, 633 452, 632 679, 738 957,
734 502, AND 671 449 AFTER FRACTURE OF FLANGE
FIG. 43. INNER FACES OF WHEELS Nos. 04 844, 04 836, 04 847, 04 476, 942 674,
AND 942 682 AFTER FRACTURE OF FLANGE
F'I. 44. INNER FACES OF WHEELS Nos. 659 232, 107 348, 107 346, 103 219,
659 338, AND 462 442 AFTER FRACTURE OF FLANGE
FiG. 45. INNER FACES OF WHEELS Nos. 462 441, 158 505, 158 506, 158 511,
158 510, AND 132 648 AFTER FRACTURE OF FLANGE
FIG. 46. INNER FACES OF WHEELS Nos. 132 649, 158 525, 158 519, 158 518,
158 521, AND 158 520 AFTER FRACTURE OF FLANGE
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The College of Engineering (Architecture; Architectural, Ceramic, Civil, Electrical,
Mechanical, Mining, Municipal and Sanitary, and Railway Engineering;
General Engineering Physics)
The College of Agriculture (Agronomy; Animal Husbandry; Dairy Husbandry;
Horticulture and Landscape Gardening;- Agricultural Extension; Teachers'
Course; Home Economics)
The College of Law (Three-year and four-year curriculums based on two years and
one year of college work respectively)
The College of Education (including the Bureau of Educational Research)
The Curriculum in Journalism
The Curriculums in Chemistry and Chemical Engineering
The School of Railway Engineering and Administration
The School of Music (four-year curriculum)
The Library School (two-year curriculum for college graduates)
The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The School of Pharmacy (in Chicago); Ph.G. and Ph.G. curricuiums
The Summer Session (eight weeks)
Experiment Stations and Scientific Bureaus: Lt. S. Agricultural Experiment Sta-
tion; Engineering Experiment Station; State Laboratory of Natural History;
State Entomologist's Office; Biological Experiment Station on Illinois River;
State Water Survey; State Geological Survey; U. S. Bureau of Mines EXperi-
- ment Station.
The Library collections contain (Novpmber 1, 1922) 123,280 volumes and 120,151
pamphlets.
For catalogs and information address
THE REGISTRAlR
Urbana, Illinois
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